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CHAPTER 


Areas and Volumes 





The land is always bought and sold on the basis of cost per unit area. For road and railways land is to be 
acquired on the basis of area. In the design of bridges and bunds catchment area of river and nalla are 
required. Thus finding areas is the essential part of surveying. It may be noted that area to be found is 
the projected area. Units used for finding areas are square metres, hectare and square kilometre. Relation 
among them are 


Hectare = 100 m x 100 m= 1 x 10* m? 
Square kilometer = 1000 m x 1000 m = | x 10° m? 
= 100 hectare 


Similarly volume of earth work involved in projects like road, rail and canal are to be found by 
surveying. Capacity of reservoir also need volume calculations. In this chapter calculation of areas and 
volumes based on surveying are explained. 


18.1 COMPUTATION OF AREAS FROM FIELD NOTES 





If the area is bound by straight edges, it can be subdivided in a set of convenient figures and area 
calculated. But in most of the cases the boundary may have irregular shape. In such cases major area is 
subdivided into regular shape and area is found. The smaller area near the boundary is found from 
taking offset from a survey line [Ref. Fig. 18.1]. 





248 Basic Civit ENGINEERING 


18.1.1 Computation of Areas of Regular Figures 
The following expressions for calculating areas may be noted: 
(a) Triangle: 
(i) If base width is b and height is ‘h’, 


A= > bh (18.1) 


(ii) If a, b and c are the sides of a triangle, 





A= fs (s—a)(s—b)(s—c) 


+b+ 
where c= = ...(18.2) 


(b) Rectangle: If b and ‘d’ are the dimension of a rectangle, 





A=bd ...(18.3) 
(c) Trapezium: 
h, + hy : . : 
Az=d , where d is the distance between two parallel sides and h, and h, lengths of 
parallel sides. ...(18.4) 


18.1.2 Areas of Irregular Shapes 


For this purpose from a survey line offsets are taken at regular intervals and area is calculated from any 
one of the following methods: 


(a) Area by Trapezoidal rule 
(b) Area by Simpson’s rule. 
(a) Area by Trapezoidal Rule: 


If there are ‘n + 1’ ordinates at n equal distances ‘d’, then total length of line is L = nd, Area of 
each segment is calculated treating it as a trapezium. Referring to Fig. 18.2, 








Area of first segment = 
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By adding all such segmental areas, we get total 





0, +O, O, +0, 0,170, 
A= d+ d+ Pererry 4+ ————-_ d 
2 2 2 


(b) Area by Simpson’s Rule 

















Fig. 18.3 


In this method, the boundary line between two segment is assumed parabolic. Figure 18.3 shows 
the first two segments of Fig. 18.2, in which boundary between the ordinates is assumed parabolic. 
Area of the first two segments 
= Area of trapezium ACFD + Area of parabola DEFH 
= Oo 


=, 20%) 95. 2 oven 
2 3 





4 
=(0,+0,) d+ 2 (0, 
d; 


Ov +O) 
2 
30, + 30, +40, - 20, - 20, | 


=3l 
= <[0, +40, +0,] 
Area of next two segments 

~ <[0, +40, +0,] 
Area of last two segments 














= —[0,_,+40,_,+0,| 


...(18.6) 


d [Op +O,)+4(O, +03 +--+ 04-1) 
Total ms | 210, +0, 44"40,.4) 


It is to be noted that the equation 18.6 is applicable if the number of segments (7) are even, in 
other words, if total number of ordinates’s are odd. 
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If n is odd, then for n — 1 segments area is calculated by Simpson’s rule and for the last segment 
trapezoidal rule is applied. 

Trapezoidal rule gives better results if the boundary is not irregular to great extent. Simpson’s 
rule should be used if the boundary is highly irregular. This rule gives slightly more value compared to 
trapezoidal rule, if the curve is concave towards the survey line and gives lesser value, if the boundary 
is convex towards survey line. 

In both methods accuracy can be improved if the number of segments are increased. 


@ Example 18.1: Plot the following cross staff survey of a land and compute the area: 


B 


AN 


0,°13.8| 85 
60 O,e20.0 
21.0°O, 45 


22 | O,15.0 


A\ 


A 





Solution: Referring to Fig. 18.4, 
Total area = Area of A AO, C, + Area of triangle AC, O, + Area of trapezium C, O, O, C, 
+ Area of trapezium C, C, O, O, + Area of AC, O, B + Area of AC, O, B 
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1 1 1 1 
=5 x 22x 1+ Mes al ts Use0) (60 — 22) + 3 13.8 + 21.0) (85 — 45) 
1 1 
+ i x 20 (120 — 60) + 3 x 13.8 (120 — 8.5) 
Area = 2840 m2 Ans. 


m@ Example 18.2: The perpendicular offsets taken at 10 m intervals from a survey line to an irregular 
boundary are 2.18 m, 3.2 m, 4.26 m, 6.2 m, 4.8 m, 7.20 m, 8.8 m, 8.2 m and 5.2 m. Determine the area 
enclosed between the boundary, survey line, the first and the last offsets by 


(i) Trapezoidal rule (ii) Simpson’s rule. 
Solution: d = 10 m, n = number of segments = 8 number of ordinates = 9. 
Length of survey line = 8 x 10 = 80 m. 


(i) Area by trapezoidal rule 


O,+0O 
a=(MF5+0, +0, 4-40,)a 


fea +3.24+ 4264624484 7.24884 82| 10 
Area = 463.5 m? Ans. 
(ii) Area by Simpson’s method 


d 
4 KO,+0,) +4(0O, + 0,4 0,4+0,)+2(0,4 0,+0,)] 


10 
aa [2.18 +5.2+4 (3.2+6.24+ 7.2 + 8.2) +2 (4.26 + 4.8 + 8.8)] 


= 474,333 m2 Ans. 
gw Example 18.3: The following offsets were taken to a curved boundary from a survey line: 
0, 2.46, 3.78, 3.26, 4.40, 3.28, 4.24 and 5.20 m. 


Compute the area between curved boundary, survey line and end offsets, if the offsets were at a 
regular interval of 10 m, using Simpson’s rule and trapezoidal rule. Compare the results. 


Solution: Number of offsets = 8 
Number of intervals = 7 
O, = 0.0, O, = 2.40, O, = 3.78, O, = 3.26, O, = 4.40, O; = 3.28, 
O, = 4.27, O, = 5.20 
d=10.0m 


(i) From trapezoidal rule 


0, +0 
A= [2592 +0, +0, +0, +0, +05 +0, a 
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a + 2.46 + 3.78 + 3.26 + 4.40 +3.28 + 421] 10 
= 240.5 m? ate 
(ii) Simpson’s rule 


Number of intervals are odd (7). Hence for first six intervals Simpson’s rule can be applied and 
for the last interval, trapezoidal rule will be applied. 


d d 
eer [0g 0,*4 (0, +0, 40,) +2 (0, +0014 5 (0, +0)) 


10 10 
= 3 [0 + 4.27 + 4(2.46 + 3.26 + 3.28) + 2(3.78 + 4.40)] + > (4.27 + 5.20) 


= 236.12 m? Ans. 
Simpson’s rule gave lesser area, the magnitude being 240.5 — 236.12 = 3.38 m? Ans. 


18.2 COMPUTING AREAS FROM MAPS 


If map of an area is available its area can be found by the following methods: 


(i) Approximate methods (ii) Using planimeter. 


18.2.1 Approximate Methods 
The following three approximate methods are available for calculating area from the map: 
(a) Give and take method (b) Subdivisions into squares 
(c) Subdivisions into rectangles. 
(a) Give and take method: In this method irregular boundary is approximated with straight 
lines such that area taken in is equal to the area given out. Accuracy depends upon the judging 
capacity of the engineer. Then the area with straight edges is divided into a set of simple 


figures, like triangles and trapezoids and the area of map is found using standard expressions. 
Figure 18.5 shows such a scheme. 
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(b) Subdivisions into squares: Similar to a graph sheet, squares are marked on a transparent 
tracing sheet, each square representing a known area. Full squares are counted. Fractional 
squares are counted by give and take approximation. Then the number of squares multiplied 
by area of each square gives the area of the map Fig. 18.6 shows such a scheme. Finer the 
mesh better is the accuracy. 


























Fig. 18.6 


(c) Subdivisions into rectangles: In this method, a set of parallel lines are drawn at equal spacing 
on a transparent paper. Then that sheet is placed over the map and slightly rotated till two 
parallel lines touch the edges of the tap. Then equalising perpendiculars are drawn between 
the consecutive parallel line. Thus given area is converted to equivalent set of rectangles and 
then area is calculated (Ref. Fig. 18.7). 





Fig. 18.7 


18.2.2 Computing Area Using Planimeter 


Planimeter is a mechanical instrument used for measuring area of plan. The commonly used planimeter 
is known as Amsler planimeter (Fig. 18.8). Its construction and uses are explained in this article. 
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Fig. 18.8. Planimeter 


The essential parts of a planimeter are: 


1. Anchor: It is a heavy block with a fine anchor pin at its base. It is used to anchor the instrument 
at a desired point on the plan. 


2. Anchor arm: It is a bar with one end attached to anchor block and the other connected to an 
integrating unit. Its arm length is generally fixed but some planimeters are provided with 
variable arms length also. 


3. Tracing arm: It is a bar carrying a tracer point at one end connected to the integrating unit at 
the other end. The anchor arm and tracer arms are connected by a hinge. The length of this 
arm can be varied by means of fixed screw and slow motion screw. 


4. Tracing point: This is a needle point connected to the end of tracer arm, which is to be 
moved over the out line of the area to be measured. 


5. Integrating unit: It consists of a hard steel roller and a disc. The axis of roller coincides with 
the axis of tracer arm hence it rolls only at right angles to the tracer arm. The roller carries a 
concentric drum which has 100 divisions and is provided with a vernier to read tenth of roller 
division. A suitable gear system moves a pointer on disc by one division for every one 
revolution of the roller. Since the disc is provided with 10 such equal divisions, the reading 
on the integrating unit has four digits: 


(i) Unit read on the disc 
(ii) Tenth and hundredth of a unit read on the roller 
(iii) Thousandth read on the vernier. 
Thus if reading on disc is 2, reading on roller is 42 and vernier reads 6, then the total reading 
F = 2.426 


Method of Using Planimeter 


To find the area of a plan, anchor point may be placed either outside the plan or inside the plan. It is 
placed outside the plan, if the plan area is small. Then on the boundary of the plan a point is marked and 
tracer is set on it. The planimeter reading is taken. After this tracer is carefully moved over the outline 
of the plan in clockwise direction till the first point is reached. Then the reading is noted. Now the area 
of the plan may be found as 
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Area = M (F-I+ 10N+C) ...(18.7) 
where M =A multiplying constant 
F = Final reading 
I = Initial reading. 
N = The number of completed revolutions of disc. Plus sign to be used if the zero mark of the 


dial passes index mark in clockwise direction and minus sign if it passes in anticlockwise 
direction. 


C = Constant of the instrument, which when multiplied with M, gives the area of zero circle. 
The constant C is added only when the anchor point is inside the area. 


Multiplying constant M is equal to the area of the plan (map) per revolution of the roller i.e., area 
corresponding to one division of disc. 


Multiplying constant M and C are normally written on the planimeter. The user can verify these 
values by 


(i) Measuring a known area (like that of a rectangle) keeping anchor point outside the area 
(ii) Again measuring a known area by keeping anchor point inside a known area. 
The method is explained with example. 


The proof of equation 18.7 is considered as beyond the scope of this book. Interested readers can 
see the book on surveying and levelling. 


m@ Example 18.4: To determine the constants of a planimeter a 20 cm X 20 cm area was measured with 
anchor point outside the plan area. The zero mark of disc crossed the index in clockwise direction once. 
The observed readings are 


Initial reading = 7.422 
Final reading = 1.422 
Determine the multiplying constant M. 
Solution: Area = M (F—I+ 10N) 
Now Area = 20 x 20 = 400 cm? 
F = 1.422, 1 = 7.422 
400 = M (1.422 — 7.422 + 10 x 1) 
M = 100 cm? Ans. 
m@ Example 18.5: A planimeter was used to measure the area of a map once keeping anchor point 
outside the figure and second time keeping it inside the figure. The observations are as follows: 
(i) When the anchor point was outside the figure: 
Initial reading = 1.486 
Final reading = 7.058 
The zero of the dial did not pass the index at all. 
(ii) When the anchor point was inside the map: 
Initial reading = 3.486 
Final reading = 8.844 
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Zero mark of the dial passed the fixed index mark twice in anticlockwise direction. 
Find the (i) area of the map (ii) area of the zero circle. 
Take multiplier constant M = 100 cm’. 
Solution: (@) When the anchor point was outside the plan 
[=1486 F=7.058 N=0 M=100cm?. 
A=M(F-I+10N) 
= 100 (7.058 — 1.486 + 0) 
A = 557.2 cm? Ans. 
(ii) When the anchor point was inside the plan 
1=3.486 F=8844 N=-2 M=100cm’. 
A=M(F-I+ 10N+0C) 
557.2 = 100 (8.844 — 3.486 - 10 x 2+ C) 
C = 20.214 Ans. 


18.3 COMPUTATION OF VOLUMES 


The following three methods are available for computation of volumes: 
(i) From cross-sections (ii) From spot levels and 
(iii) From contours. 


First method is useful for computing earth work involved in road/rail/canal/sewage works. Second 
method is useful for finding earth work in foundations of large building and the last method is useful for 
finding capacity of reservoirs. 


18.3.1 Computation of Volume from Cross-sections 


To compute earth work, profile levelling is carried out along the centre line of the alignment of the 
project and cross-sectional levels are taken at regular intervals. Then the volume of earth work can be 
found, if the cross-sections are determined. 

First the calculation of cross-sectional area is discussed. 


(a) If section is level (Fig. 18.9) 





k¢— b/2 i b/2 >| 


Fig. 18.9 
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Let ‘h’ be the depth at the centre line of the alignment and 1 : 7 be the side slopes. Then 
w=b+2nh 


1 
A=>wtb)h 


1 
ge any 


=(b+nh)h ...(18.8) 
(b) If it is a multilevel section [Fig. 18.10] 








Fig. 18.10 


Let the coordinates of points be (x,, y,), (%, Y5), +» (%» y,,)» then arrange the coordinates in the 
following order 


Then area of the figure 


1 
= [ = Product of pair of coordinates connected by continuous lines — 2 Product of coordinates 


connected by dotted lines] (18.9) 


The above formula can be easily proved by taking a simple example of a quadrilateral [Ref. Fig. 
18.11]. Let the coordinates of A, B, C and D be (x, y,), (X}, ¥2), (y y3) and (x,, y,). Then area of ABCD 


= Area of a AB b + Area of b BC c + Area of c CD d — Area of a AD d. 


1 1 1 1 
= 2 (x,+ x,) 0,-y) + 2 (x, +X) (5-2) + 2 (x, + X4) O4-I)— (x, + X4) (y4-y,) 
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D (x, Y4) 


C (Xs; Ys) 


B (%, Yo) 








Fig. 18.11 


= : [1 Vy — XV + XWYq —AgYy + XqVq — AV + HgV3 — XzVq + XV 4 — XgVq + XV — X43 
=X Vg + XY, —XyVg + X4V 1] 
= (©1Vq + XQV3 + XVq + X41) — QV, + LzVQ + XQ, + X14) 
[Note terms with same subscript appear in pairs and cancell each other]. 
Hence equation 18.9 is proved. 


Calculation of Volumes 


Once cross-sectional areas at various sections are known volume can be found from trapezoidal or 
prismoidal rule as given below: 


Trapezoidal Rule 


Ay tA, 
V =d|——— 


Py eee bot Ay a| (18.10) 


where ‘n’ are number of segments at interval of ‘d’, Area at L = nd, being A,. 
Prismoidal Rule 


V= “ [(AgtA J +4 (A tA, + +A, 2A, +A,t +A, )] «(18 t1) 
where 7 is number of even segments. 

If number of segments are odd, (7 is odd), for n — 1 segments prismoidal rule may be applied and 
for the last one trapezoidal rule is applied. Or else for the last segment area at middle of last segment 
found and prismoidal formula applied for A,,_,, A,, and A... 

m@ Example 18.6: A railway embankment of formation width 12 m is to be built with side slopes of 1 
vertical to 1.5 horizontal. The ground is horizontal in the direction transverse to the centre line. Length 
of embankment is 200 m. The centre height of embankment at 25 m interval are as given below: 
1.6, 2.4, 3.4, 3.8, 4.2, 3.6, 2.8, 2.2, 1.2 m. Calculate the volume of earth filling. 
Solution: Since the section is level, 
A=(b +nh) h where n= 1.5 
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The area at different sections are: 
Ay = (12 + 1.5 x 1.6) x 1.6 = 23.04 m 
A, =(12 + 1.5 x 2.4) x 2.4 = 37.44 m 
A, = (12 + 1.5 x 3.4) x 3.4=58.14m 
A, = (12 + 1.5 x 3.8) x 3.8 = 67.26 m 
A,= (12 + 1.5 x 4.2) x 4.2 = 76.86 m 
A, = (12 + 1.5 x 3.6) x 3.6 = 62.64 m 
A, = (12 + 1.5 x 2.8) x 2.8 = 45.36 m 
A, = (12 + 1.5 x 2.2) x 2.2 = 33.66 m 
A, = (12 + 1.5 x 1.2) x 1.2= 16.56 m? 


2 
2 
2 
2 
2 
2 
2 
2 


Volume by Trapezoidal Formula 


v=a| 0s 


HALAL HAS+AGTAS+AG+AD| 


= 25 ae : 16.56 


+ 37.44 + 58.14 + 67.26 + 76.86 + 62.64 + 45.36 + 33.6 | 
= 10029 m3 Ans. 


Volume by Prismoidal Formula 


Since the number of segments are even (8), prismoidal formula 


d 
= [Ag tAg +4 (Ay + Ag tA tas) +2 (A, +A, +A] 


25 
= q [23.04 + 16.56 + 4 (37.44 + 67.26 + 62.64 + 33.66) + 2(58.14 + 76.86 + 45.36)] 


= 10036 m3 Ans. 
mw Example 18.7: The following notes refer to a three level work in cutting. 
Station 
2.0 2.4 4.8 
~7.0 0 11.0 
» 30 3880 
—9.0 0 14.0 


The formation level is in cutting and is 12 m wide. The distance between two points is 40 m. 
Calculate the volume of cutting between the two stations by 

(i) Trapezoidal formula (ii) Prismoidal formula. 
Solution: The meaning of the notes for station 1 is at centre point i.e., at x = 0, depth of cutting is 2.4 m, 
at the end points on left at x = 7 m, the depth of cutting is 2 m and at a point x = 11.0 m depth is 4.8 m 
as shown in Fig. 18.11. Similarly the meaning for station 2 is also indicated in the Fig. 18.12. 
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Fig. 18.12 
Hence the coordinates of points (1) to (5) on first sections are: 


Point > 1 2 3 4 5 1 


-6.0 -7.0 0 11.0 6.0 6.0 
@ 2.0 2.4 4.8 O° 0 


Note: Coordinates of first point are written again at the end is the coordinates method of area 


calculation. 


x 


1 
A= 5 H-6 x 2.0 +(-7.0 x 2.4) +0 x 4.8 + 11.0 x 0+ 6x 0} 


— {(0.0) (-7.0) +2x0+24x 11.0+48x6+0x(—6)}] 
= — 42.0 mm’ 
= 42.0 m’, since there is no meaning in —-ve sign. 


Similarly for section 2, 


Point 1 2 3 4 5 1 
x — 6.0 -— 9.0 0 14 6.0 -6 
y 0 3.0 3.8 6.0 0 0 


2A={-6x3.0-9.0x3.8+0x6+14x04+6x0} 
~ {0x (—9.0) + 3.0x 0+ 3.8x 14+6x6.0x0x(-6)} 
=-1414 

A= 70.7 m? 


From Trapezoidal Rule 


1 
Ve > * 40 (42.0 + 70.7) = 2254.0 m? Ans. 


Prismoidal Rule 


To apply this we need cross-section at middle of the two sections. Assuming uniform slope, it may be 
found as the points with average coordinates. Hence at mid-section the coordinates of the points are: 
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Point 1 2 3 4 5 1 
6.0 -8.0 0 125 6.0 6 
0.0 25 3.4 5.4 oO” 0.0 


2A,,=(6x2.5-8x3.14+0x5.4+ 12.5x0+6x 0.0) 
—{0x(—8)+2.5x0+4+3.1 x 12.5+5.4x 6.0 +0 x (—6)} 
= 110.95 

A, = 55-475 m2 


40 : ; 
Now d= os = 20 m, between two consecutive sections. 


V= = (42.0 + 4 x 55.475 + 70.7) 


V = 2230.67 m? Ans. 
18.3.2 Computation of Earth Work from Spot Levels 


This method is used to calculate volume of earth work for the elevations of basements, large tanks and 
borrow pits. In this method the whole area is divided into a number of rectangles or triangles (Fig. 18.13). 
The levels are taken at corner points before and also after excavation. The depth of excavation at each 
corner point is measured. Then for each simple figure (rectangle or triangle). 


an 3 3 3 dl 




















Fig. 18.13 
V = Area of the figure x average depth. 


Thus for a rectangle with corner depth h,, h,, h, and h» 


h, +h, +h. +hg 
V = Area of rectangle x 4 





For a triangle, 
h, +h, +h, 
3 


All such volumes, when added give total volume of work. 


V = Area of triangle 
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It may be noted that in Fig. 18.13 (a), in total volume calculations depth of some corners appear 
once, some twice, some of them 3 times and some 4 times. If 


xh, = some of depths used once 

xh, = sum of depths used twice 

xh, = sum of depths used thrice 

2h, = sum of depths used four times. 
Then 


A 
=] (Bh, + 25h, + 3Eh, + 4Eh,) (18.12) 


Similarly in Fig. 18.13 (6), sum depths are used once, some 2 times, some 3 times and some 
others 6 times. Defining h, same as above. 


A 
V = (2h, + 2h, + 3Eh, + 62h) (18.13) 


m@ Example 18.8: A 60 m x 60 m plot is to be excavated to a formation level of 80.0 m. The present 
levels at 20m x 20 m grid are as shown in Fig. 18.14. Calculate the volume of earth work. 


84.5 84.8 85.2 85.4 


@ @ Q@ @ 





sale 83.8 84.1 





84.6 


32.2 82.9 83.6 83.8 











81.5 82.4 82.8 


@ 6) eo) @ 83.4 


Fig. 18.14 





Solution: The number of times a particular corner depth is used in volume calculation is marked in 
circles. Formation level is 80.0 m. 


th, =4.54+5.44+3.4415=148m 
th, =4.84+5.2+3.44+4642.24+3.84+24+2.8 
= 29.2 m 
Zh, =0 
th, =3.84+4.1+2.9+36=144m 
Area of each grid, A = 20 x 20 = 400 m?. 
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400 
Ve a (14.8 x 14+29.2x2+0x3+144~x 4) 
= 13080 m?. 


18.3.3 Computation of Volume from Contours 


Figure 18.15 shows a dam with full water level of 100 m and contours on upstream side. Capacity of 
reservoir to be found is nothing but volume of fill with water level at 100 m. The whole area lying 
within a contour line is found by planimeter. It may be noted that area to be measured is not between 
two consecutive contour lines. 











Fig. 18.15 


Let Ap, A,, A;, -.-, A,, be area of contours and h be contour interval. Then from trapezoidal rule: 
V=h [Asean sa, +A, bt Ay a| 
and by prismoidal rule: 
h 
V= 3 [Ap tA,) 4A, Ag tt AL oe 2 Apt A, A. 5) 


where there are n segments and n is even number. 


mg Example 18.9: The area within the contour lines at the site of reservoir and along the face of the 
proposed dam are as follows: 


Contour Area in n? 
100m 800 

104m 9600 

108 m 11800 


112m 12400 
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116m 14300 
120m 18400 
124m 20360 


Assuming 100 m as the bottom level of the reservoir, and 124 m as full level, calculate the 
capacity of the reservoir using trapezoidal and prismoidal formula. 


Solution: (a) Prismoidal Formula: 


Ay tA, 


v=h| FAAP EA, | 


4 o- + 9600 + 11800 + 12400 + 14300 + 18400 


= 308320 m> Ans. 


(b) Prismoidal Formula: 
h 
V= 3 [AptA, +4 (Ay Age +A, +2 (Ay +A, + +A, _»)] 


4 
= 3 [800 + 20360 + 4 (9600 + 12400 + 18400) + 2 (11800 + 14300)] 
= 313280 m? Ans. 


| QUESTIONS 


1. Find the area of the field from the following notes of cross staff survey, all measurements being in metres. 


Stn. B 


16.2 « 90.4 


74.6 *17.4 
12.8 ~« 64.0 


42.0 x 15.6 
32.8 x 14.4 


22.4] (8.6 


Sin.A 
[Ans: 2419.76 m7] 
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The following observations were taken to a boundary from a chain line. 


Distance in m 0 10 20 30 40 50 60 70 
Offset in m 2.4 3.6 4.2 4.8 4.4 3.8 2.8 1.2 
Calculate the area enclosed between the chains line, the boundary line and the end offsets by 
(i) Trapezoidal rule (ii) Simpson’s rule — Ans: (#) 254.0 m? (i) 257.33 m? 


[Hint: Consider first six segment by Simpson’s rule and to this add area of last segment found by 
Trapezoidal rule]. 


A plot of ground is in the form of a quadrilateral. To find the area the following measurements were taken: 
AB=1186m BC=2204m CD=158.4m 
DA = 340.0 m and AC = 322.0 m 
Find the area of the plot. [Ans: 33384.5 m7] 
[Hint: Divide quadrilateral into two triangles) 
Describe the planimeter and explain how it is used for finding the area of a given map. 


A planimeter was used to measure the area of a map once keeping anchor point outside the figure and 
second time keeping it inside the figure. The observations are as follows: 


(i) When anchor point was outside the figure: 
Initial reading = 7.364 
Final reading = 3.234 
The zero of dial passed the index mark once in the clockwise direction. 
(ii) When anchor point was inside the figure: 
Initial reading = 2.384 
Final reading = 4.443 
The zero of the dial passed the index mark twice in the anticlockwise direction. Take M = 100 cm. 
[Ans: Area of zero circle = 2381.1 cm?] 
How do you determine the multiplying constant and area of zero circle of a planimeter experimentally ? 
The following are the cross-sectional areas of an embankment at 30 m interval 
Distance in m 0 30 60 90 120 150 180 
Area in m* 122 432 612 720 718 1020 1040 
Determine the volume of earth work by (i) trapezoidal formula (ii) prismoidal formula 
[Ans: Trapezoidal formula, V = 122490 m?, Prismoidal Formula, V = 125100 m+] 
The areas within the contour lines at the site of a reservoir and along the proposed dam site are as follows: 
Contour in m 100 105 110 115 120 125 130 
Area in m? 1250 1420 17300 20200 25200 32400 36780 


Assuming 100 m as bottom level of the reservoir and 130 m as full level, determine the capacity of the 
reservoir using trapezoidal and prismoidal rules. 


[Ans: Trapezoidal rule, V = 578675 m°, Prismoidal rule, V, = 565850 m?] 


